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ABSTRACT

Gear catch efficiencies, g, are useful in achieving more accurate estimates of fish abundance.
Twenty mark-recapture experiments using juveniles (50—80 mm) and yearling (90-140 mm) pinfish,
Lagodon rhomboides, and spot, Leiostomus xanthurus, were conducted in an enclosed 5-hectare
North Carolina estuarine embayment to estimate the catch efficiencies for a 6.1-m otter trawl.
Catch efficiencies, defined as the percentage of fish in the path of the trawl that are captured, were
calculated from the ratio of the average trawl estimate of marked fish density to the known density
of marked fish. The trawl was towed at approximately 1.6 knots and sampled a path 5 m wide.
Estimated catch efficiencies for the trawl during daylight were: juvenile pinfish 48%; yearling pinfish
49%; juvenile spot 32%; and yearling spot 32%. Precision for the efficiencies was relatively low
with the standard error ranging between 9 and 58% of the mean. Catch efficiencies did not differ
between day versus night recovery or appear to be related to fish density. Relative catch efficiencies
for the 6.1-m trawl were greater than those for a 3.0-m and a 4.6-m otter trawl.

A major requirement for successful solu-
tions to many fishery problems is an accu-
rate estimate of population size. The accu-
racy of fish abundance estimates for most
sampling gears is limited due to insufficient
information regarding the catch efficiency
of the sampling gear. Given a trawl catch
efficiency, defined as the percentage of fish
in the path of the trawl that is captured, plus
the catch per unit area or volume sampled,
raw catch data may be corrected to iyield
accurate estimates of fish density. Gear
catch efficiencies probably vary not only for
each species but also for different size class-
es and for specific environmental conditions
(Loesch et al. 1976; Kjelson and Colby
1977). Because of this variability, determi-
nation and interpretation of gear efficiencies
remain a major and largely unresolved chal-
lenge in fishery science (McFadden 1975).
- This study was designed to assess the
catch efficiency of a 6.1-m otter trawl for
two abundant fish populations inhabiting
shallow-water estuarine habitat. Small
trawls of this general size are commonly
used in many estuarine and freshwater
areas throughout the world to assess de-
mersal fish, shrimp, and crab populations.
Objectives of the study were (1) to deter-
mine catch efficiencies of the trawl for two

! Present address: U.S. Fish and Wildlife Service,
4001 N. Wilson Way, Stockton, California 95205.

size classes of two estuarine fishes, (2) to
assess the variability associated with esti-
mation of these catch efficiencies, (3) to
evaluate diurnal differences in catch effi-
ciencies and differences due to varied fish
densities, and (4) to compare estimates of
relative fish density made by the 6.1-m trawl
to those of a 3.0-m and a 4.6-m trawl.

The limited information that is available
on trawl efficiencies is based on a variety of
techniques from varied aquatic habitats,
and information relative to the precision of
these efficiency estimates also is scarce.
Based upon mark-recapture studies con-
ducted in a Louisiana estuarine embay-
ment, Loesch et al. (1976) estimated the
mean efficiency *+ one standard error of a
4.9-m otter trawl to be 6 = 1.3% (N = 3) for
spot, Leiostomus xanthurus, 25 = 0% (N =
1) for Atlantic croaker, Micropogon undu-
latus, and 45 * 3% (N = 5) for brown
shrimp, Penaeus aztecus. Harden Jones
(1974) observed a catch efficiency of 65% for
plaice, Pleuronectes platessa, using a Gran-
ton (otter) trawl in the North Sea. He made
use of acoustical transponding tags and a
high resolution sector scanning sonar to ob-
serve the continual location of individually
tagged fish as the trawl was pulled toward
them. In a refined study with electric
shrimp (otter) trawls in the Gulf of Mexico,
Watson (1976) observed catch efficiencies of
between 35 and 54% for penaeid shrimp.
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Kreutzer (1964) noted without documenta-
tion that fishery experts estimate that the
percentage of fish actually caught by a com-
mercial trawl may vary between 10 and
60%. Edwards (1968), using more qualita-
tive information based upon a combination
of general ecological and behavioral evi-
dence and gear observations, estimated
catch efficiencies for the “36 Yankee” otter
trawl of from 3 to 90% for certain species in
the northwest Atlantic area.

The value of catch efficiencies for im-
proving the accuracy of fish abundance es-
timates has been discussed previously (Bev-
erton and Holt 1957; Grosslein 1971;
Macketts 1973), but their use has been
greatly restricted. In general, catch efficien-
cies actually used to improve abundance

estimates have been derived theoretically

(Alverson and Pereyra 1969; Oviatt and Nix-
on 1973) or estimated from experimental
tests. Edwards and Steele (1968) and Kui-
pers (1975) used catch efficiencies for the
beam trawl in studies of juvenile plaice. Ed-
wards (1973) improved his estimates of tom-
tate, Haemulon aurolineatum, abundance
with catch efficiencies for a haul seine. Ad-
ditional examples of catch efficiencies for
other gears and a more general discussion

of bias in fish sampling procedures are dis-
cussed by Kjelson and Colby (1977).

METHODS

The study site is typical of many shallow
marsh embayments that serve as nursery
grounds for many estuarine dependent fish
and crustaceans in southeastern coastal
plain and Gulf coast estuaries. Experiments
were conducted in a 400-m by 125-m tidal
embayment (Fig. 1) in the Newport River
estuary near Beaufort, North Carolina. The
bay has an average depth at high tide of 1.3
m (tidal range 0 to 2.5 m) and is surrounded
on three sides by smooth cordgrass, Spar-
tina alterniflora, marsh with the open end
blocked from surface to bottom with a 13-
mm bar mesh net. Bottom substrate is a
mixture of sand and mud, with a wide shoal
running from the southeast to the center of
the bay. Secchi readings in the bay ranged
from 0.5 to 1.4 m.

The trawl consisted of 19-mm bar mesh
wings, a 6-mm mesh tailbag, and a 6.1-m
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footrope with tickler chain attached. The
average width of the trawl during operation
was 5 m while the average height was 1 m.
Net height was estimated by a diver towed
above the net on a separate line attached to
the vessel, while width was determined by
abruptly stopping the vessel and immediate-
ly measuring the distance between wing tips
as the net lay on the bottom. Tow speed was
approximately 1.6 knots.

Fish used in the study were pinfish, La-
godon rhomboides, a sparid, and spot, Letos-
tomus xanthurus, a sciaenid, both very com-
mon fishes in southeastern Atlantic and Guif
coasts estuaries. Both juvenile and yearling
fish were used with ranges in mean fork
length for individual experiments as follows:
juvenile spot, 55-85 mm; yearling spot, 102—
137 mm; juvenile pinfish 53-79 mm; and
yearling pinfish 93-116 mm. Although we
used the term yearling, some of these fish
may have been older. Studies were con-
ducted during the springs and summers of
1974 through 1976.

Fish were collected by trawl in an adja-
cent embayment, placed in an oxygenated
holding tank, and transported to the study
site where they were marked either by fin
clipping (1974 and 1975) or by spraying with
phosphorescent pigment (1976) (Loesch et
al. 1976; Ware 1968) and released through-
out the enclosure. The fish lobe that was
clipped and the spray colors that were used
were changed for each experiment to pre-
vent problems in identification and in cal-
culating density.

The technique used to estimate the
trawl’s efficiency consisted of releasing
marked fish into the enclosed bay, estimat-
ing the average density of the marked fish
using the trawl and then comparing this es-
timate to the known density of marked fish
in the enclosure. While unmarked popula-
tions of pinfish and spot were present in the
enclosure during the experiments, these
fish were not used in the estimation of catch
efficiency since we had only relative esti-
mates of their abundance. Recovery at-
tempts in each experiment consisted of
three tows, one tow along the longitudinal
axis in each of three zones dividing the bay
lengthwise (Fig. 1). The trawl density esti-
mate was obtained by dividing the total
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FiGURE 1.—Enclosed tidal embayment in the Newport River estuary near Beaufort, North Carolina, surrounded
by Spartina alterniflora marsh. B and G denote locations of blocking net and gill net stations respectively, while
numbers 1, 2, and 3 denote location of trawl sampling zones. The enclosed bay is 400 m long.

catch of marked fish from the three tows by
the area sampled in those three tows. The
area sampled per tow was determined by
multiplying the length of the tow (using the
average, 275 m) by the width of the trawl
during operation (5 m). With the exception
of a few meters of shoreline on the south
end of the enclosure, the total bay was
trawlable. All recoveries were made at high
tide with the majority of studies done during
daylight, although some were made during
darkness. Usually one size class of each
species was released in each experiment.
Recoveries were made within 1 h of release
(termed immediate) and/or after a delay of

from 1 to 3 days (termed delayed). The ra-
tionale for making both immediate and de-
layed recoveries was to observe the effect
of recent handling and capture upon the
susceptibility of the fish to capture.

The calculation of individual efficiencies
based upon the ratio of the trawl estimate
of density to the known density, yields val-
ues that can theoretically range from zero
to greater than 100%. Calculated efficien-
cies greater than 100%, on occasions when
the trawl may encounter a heavy concentra-
tion of fish and net avoidance probably still
occurs, were set at 100%; such cases are
noted in the results.
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TABLE 1.—Results of immediate recovery experiments used to assess the catch efficiency for a 6.1-m otter trawl

in a North Carolina estuary.

Mean Number Number
length Light marked recovered % Catch
Date®? Age class & species mm condition & released in 3 tows efficiency®

4-8-76 Yearling spot 102 Day 595 25 51
4-21-76 109 Day 825 31 46
4-28-76 107 Day 1,405 65 56
5-18-76 112 Day 270 16 72
6-2-76 114 Day 195 5 31
6-24-75 Juvenile spot 79 Day 2,325 84 44
6-25-75 79 Day 1,860 38 25
6-14-76 64 Day 4,975 86 21
6-16-76 69 Day 1,160 13 14
7-14-76 75 Day 680 13 23
7-15-76 75 Day 895 18 24
7-28-76 85 Day 490 8 20
7-28-76 85 Night 673 11 20
4-8-76 Yearling pinfish 94 Day 930 61 79
4-21-76 94 Day 1,425 91 77
4-28-76 93 Day 2,640 255 100 (117)¢
5-13-76 101 Day 1,295 74 69
5-18-76 99 Day 1,200 113 100 (114)¢
6-2-76 101 Day 1,475 50 41
6-14-76 98 Day 520 22 51
6-16-76 98 Day 520 36 84
6-26-75 | Juvenile pinfish 60 Day 1,585 84 64
6-30-75 65 Day 1,295 79 74
7-14-76 71 Day 535 17 39
7-15-76 71 Day 350 29 100
7-28-76 75 Day 690 28 49
7-28-76 79 Night 437 14 39

a Temperature range during study: 16.9 to 27.6 C.
® Secchi range during study: 0.5 to 1.4 m.

¢ Value in parenthesis represents calculated catch efficiency that is unrealistic, i.e., greater than 100%. Therefore it was set

equal to 100%.

In the delayed recovery experiments, the
known density value was corrected for pos-
sible loss by mortality and escapement. We
assumed that loss due to either escapement
or mortality between release and immediate
recovery was negligible. Mortality was es-
timated annually by collecting fish, marking
them and holding them for 24 h in a holding
cage placed in the estuary. From six to 17
mortality experiments per species were con-
ducted during the study. One series of mor-
tality experiments done in 1975 was used to
represent mortality in 1974 and 1975, while
two series done in 1976 represent two pe-
riods of time in 1976. Estimation of the num-
ber of fish escaping from the embayment
between release and delayed recovery was
made by observing the catches in 6.1-m
trawl tows made in the 25,000-m® bay im-
mediately adjacent and to the outside of the
blocking net, and in gill nets (12-, 19-, and
25-mm bar mesh) set in the channels feed-

ing the enclosed bay (Fig. 1). Two small tidal
creeks entering the enclosed bay were also
haul-seined (6-mm mesh) immediately fol-
lowing trawl recovery to determine the pos-
sible movement of marked fish into this hab-
itat. Two estimates of escapement were
made, one based on observations made in
1975 (used for 1974 and 1975) and another
made in 1976 (used for 1976).

In an effort to compare the relative effi-
ciencies of the 6.1-m trawl with smaller, 4.6-
m and 3.0-m otter trawls, we made two se-
ries of 10 paired tows in the embayment,
where either of the 4.6- or 3.0-m trawls were
towed simultaneously with the 6.1-m trawl
using separate vessels. Towing speeds for
the two smaller trawls were approximately
1.1 knots, about 0.5 knots slower than the
6.1-m trawl. Mesh size for all three trawls
were identical. Analysis was made on the
catches of naturally occurring untagged ju-
venile fishes within the embayment.
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TABLE 2.—Results of delayed recovery experiments used to assess the catch efficiency for a 6.1-m otter trawl in

a North Carolina estuary.

% Loss
due Estimated
Number mortal- number  Number
Mean marked ity & available recov-
Age class length Light & re- escape- {for re- ered in % Catch
Date®® and species mm condition leased ment covery 3 tows efficiency®
6-28-74 Yearling spot 137 Day 422 42 245 2 10
5-8-75 115 Day 2,603 42 1,509 56 45
5-15-75 119 Day 1,139 42 661 2 4
4-8-76 102 Day 595 82 107 2 23
4-21-76 107 Day 825 72 231 0 0
4-28-76 109 Day 1,405 82 253 3 14
5-18-76 112 Day 270 72 76 0 0
6-3-76 114 Day 195 72 55 0 0
5-8-75 115 Night 2,603 . 42 1,509 45 36
5-14-75 119 Night 1,139 42 661 6 11
7-22-74 Juvenile spot 82 Day 467 70 140 5 43
5-29-75 66 Day 3,181 70 954 35 44
6-12-75 ’ 55 Day 1,678 70 503 9 22
7-18-75 ‘ 76 Day 1,331 70 399 2 6
6-15-76 64 Day 4,977 9% 199 58 100 (353)°
6-17-76 65 Day 1,160 96 46 2 53
7-15-76 75 Day 681 9% 27 1 45
7-16-76 5 Day 896 96 35 0 0
5-29-75 66 Night 3,181 70 954 24 30
6-11-75 55 Night 1,678 70 503 18 43
7-17-75 76 Night 1,331 70 399 6 18
6-28-74 Yearling pinfish 112 "Day 1,522 8 1,400 10 9
7-22-74 116 Day 667 8 614 2 4
5-8-75 113 Day 1,361 8 1,252 51 49
5-15-75 111 Day 1,681 8 1,489 11 9
4-8-76 94 Day 930 8 856 11 16
4-21-76 94 Day 1,425 8 1,311 9 8
4-28-74 93 Day 2,640 8 2,429 114 57
5-13-76 101 Day 1,295 8 1,191 11 11
5-18-76 99 Day 1,200 8 1,104 13 14
6-3-76 101 Day 1,475 7 1,372 1 1
6-15-76 98 Day 520 7 484 9 23
6-17-76 98 Day 523 7 487 28 70
5-8-75 113 Night 1,361 8 1,252 26 25
5-14-75 111 Night 1,681 8 1,489 59 48
7-22-74 Juvenile pinfish 71 Day 555 9 505 42 100
6-12-75 53 Day 1,452 9 1,321 29 27
7-18-75 65 Day 1,514 9 1,378 20 18
7-15-76 71 Day 536 48 277 1 4
7-16-76 71 Day 354 48 184 1 7
6-11-75 53 Night 1,452 9 1,321 13 12
7-17-75 65 Night 1,514 9 1,378 41 36

@ Temperature range during study: 16.9 to 30.9 C.
b Secchi range during study: 0.8 to 1.4 m.

¢ Value in parenthesis represents calculated catch efficiency that is unrealistic, i.e., greater than 100%. Therefore it was set

equal to 100%.

RESULTS

The variety of environmental conditions
and fish densities under which the efficien-
cies were measured with the 6.1-m otter
trawl are presented in Tables 1 and 2. A
summary of daylight experiments (Table 3)
indicates differences with species and im-
mediate versus delayed recovery. Daylight
catch efficiencies based upon immediate re-
coveries ranged from 24 to 75% while those

based upon delayed recoveries ranged from
12 to 37%. Pinfish were captured more ef-
ficiently than spot and immediate recovery
efficiencies were larger than those from de-
layed recovery. The catch efficiencies for
both size classes of pinfish were similar,
whereas considerable differences, although
not consistent, were observed in the effi-
ciencies for juvenile and yearling spot. The
ratio of the standard error of the mean to
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TABLE 3.—Average catch efficiencies (+1 SE) of a 6.1-
m otter trawl for pinfish and spot obtained during
daylight.
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TABLE 4.—Average day and night catch efficiencies ( %1
SE), in percent, of a 6.1-m otter trawl for pinfish and
spot.

Immediate
recovery

Delayed

recovery?®

Species and mean

size range N % Efficiency N % Efficiency

Juvenile pinfish 5 65 + 11 5 31+ 18
(53~79 mm)

Yearling pinfish 8 75+ 7 12 23+ 7
(93-116 mm)

Juvenile spot 7 24 + 4 8 39+ 11
(55-85 mm)

Yearling spot 5 517 8 12+6

(102-137 mm)

2 Recovery of marked fish delayed 1 to 3 days.

the mean efficiency ranged from 9 to 16%
for immediate recovery data and from 29 to
58% for delayed recoveries (Table 3).

No significant differences were observed
between the average catch efficiencies ob-
tained from recoveries made during daylight
and darkness for either immediate or de-
layed recoveries (Table 4). The precision
characterizing the efficiencies in the day to
night comparisons was low due to limited
replication of experiments.

No relationship was seen between the ef-
ficiency of the trawl and the density of
marked fish present in the bay. The num-
bers of marked fish per experiment released
ranged four- to tenfold, dependent on the
species and size considered (Tables 1 and
2).

Results of our comparative trawl studies
indicated that our 6.1-m trawl provided "a
larger estimate of fish density by a factor of
1.2 over the 4.6-m trawl and by 7.0 over the
3.0-m trawl (Table 5).

A variety of technique problems may in-
fluence the data and its interpretation. The
following sections describe some of the
problems encountered in a study of fish
sampling gear catch efficiencies and our ap-
proach and success in solving these prob-
lems.

Escapement

Our estimates of escapement from the
enclosure between release and delayed re-
covery was 0 (1976) and 2% (1974-1975)
based upon gill net and outer bay trawl
catches. Haul-seine catches in the tidal

Imme-
diate b
recov- Delayed recovery
ery?
Day Night
% %
Species and Effi- Effi-
age class Day Night N ciency N ciency
Juvenile pinfish 49 39 2 22+5 2 24+12
Yearling pinfish 2 29+20 2 3612
Juvenile spot 20 20 3 24+x11 3 307
Yearling spot 2 24+21 2 24+13

2 No replication, all data from 1976.
> All data from 1975.

creeks adjacent to the enclosed embayment
were either zero or, rarely, a few unmarked
fish per haul. Thus we do not consider es-
capement to be a problem in our study.

Mortalities

Our estimates of handling mortality were
highly variable based upon 24-h holding
cage experiments following capture and
marking. Average mortality estimates in the
three study years ranged from 6 to 8% for
yearling pinfish, 7 to 48% for juvenile pin-
fish, 40 to 82% for yearling spot, and 68 to
96% for juvenile spot. Mortality appears to
result from collection and overall handling
during the marking process since mortali-
ties were similar for both marked and un-
marked fish. The average ratio = one stan-
dard deviation of marked to unmarked
mortality was 1.19 + 0.39. Mortalities also
were similar for fin clipped fish and for fish
marked with sprayed pigment. The average
ratio = one standard deviation of sprayed
fish to fin clipped mortality was 1.22 + 0.44.
Long-term holding tank experiments indi-

TABLE 5.—Average estimates of unmarked, native fish
density in numbers per 1,000 m* = 1 SE by the 3.0-,
4.6-, and 6.1-m otter trawls based upon 10 paired
tows made in a 50,000-m? North Carolina estuarine
embayment. Trawl size is length of footrope in meters.

Comparison 1 Comparison 2

Species 6.1-m 4.6-m 6.1-m  3.0-m
Juvenile spot 41 +11 34+6 14+x2 2=x1
Juvenile pinfish 2+4 205 32x5 51
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cated that fin clips were identifiable for at
least 3 weeks, while pigment marks lasted
a minimum of 2 months. The relationship
between tank mortality and field mortality
is unknown; however, we feel that the ab-
normal stress of confinement probably
makes tank mortality higher than that ex-
perienced by marked fish released in the
field.

High estimates of mortality will result in
efficiencies that are also too high. This may
have caused the relatively high mean de-
layed recovery efficiency for juvenile spot
(37%) (Table 3), which was based upon mor-
tality estimates of from 68 to 96%. The
mean yearling spot delayed efficiency was
only 12%, yet was based on a relatively high
mortality correction of 43 to 72%, indicating
that its true efficiency value may be even
lower.

Mesh Selection

Due to logistical problems concerning the
attainment of sufficient numbers of experi-
mental fish, we were forced, at times, to
make use of juvenile spot (those under 70
mm) that had a minimum body dimension
that could be pushed through the 19-mm
mesh of the trawl wings (Tables 1 and 2).
Juveniie pinfish did not appear to be a prob-
lem since even a 60-mm individual of that
species was held by the mesh of the trawl
wing, but some of the variability of resulting
efficiencies for juvenile spot may be due not
only to active avoidance behavior, but also
mesh selection.

Fish Distribution Within Study Site

A basic assumption in our study tech-
nique is that the marked fish are accessible
to the trawl, both in terms of vertical and
horizontal distribution. Pinfish and spot
were assumed to be distributed in the lower
1 m of the water column. Comparative day-
time trawling experiments, with simulta-
neous trawling by a 6.2-m surface trawl and
a 6.1-m otter trawl, where the two trawls
sampled the upper and lower half of the
water column, respectively (depth 2 m), re-
sulted in catches of pinfish and spot made
only in the otter trawl.

The horizontal distribution of the fish was
not felt to influence the efficiencies since
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the trawl estimate of density was calculated
from the catch of all three tows. Although
the “known” density estimate was an av-
erage value based on a uniform distribution
pattern, by spreading the three recovery
tows throughout the enclosed bay we felt the
effects of a nonuniform fish distribution that
may have developed were at least partially
overcome. The average coefficients of vari-
ation for the catch per tow by species and
age classes for the three tows in each ex-
periment ranged from 37 to 63% for imme-
diate recovery experiments and from 37 to
72% for the delayed recoveries.

In an attempt to increase the precision of
our trawl estimate of fish density our initiai
recovery plan was composed of many recov-
ery tows. During 1974, 10 to 20 tows per
experiment were made and resulted in
marked fish recoveries in the first three to
four tows but primarily zero catches there-
after. This indicated that intensive recovery
sampling may influence the behavior of the
fish to the point where they were less vul-
nerable to capture. Thus we felt by limiting
the number of our recovery tows to three
the resulting efficiencies would be more rep-
resentative of a typical trawl sample.

DISCUSSION

The differences between immediate and
the delayed recovery efficiencies make it
difficult to be sure as to what values are
most appropriate for use in correcting raw
catch data. We believe that the greater
catch efficiencies for the immediate recov-
ery experiments (Table 3) indicate that the
shock of capture and handling make the
marked fish more vulnerable to immediate
capture and that the effect of these activi-
ties decreases through time. It is also pos-
sible that the delayed recovery values may
be too high for the same reason since we
have no information as to the time required
to overcome the effect of capture and han-
dling on a fish’s vulnerability. As mentioned
earlier, the delayed recovery values also
may be too high due to the use of abnormally
high estimates of mortality.

A reasonable estimate of efficiency would
be an average of the results from the re-
spective immediate and delayed recoveries
(Table 3) with the catch efficiencies for all



KJELSON AND JOHNSON—OTTER TRAWL EFFICIENCIES

species and size classes ranging between
approximately 30 and 50% (juvenile pinfish
48%; yearling pinfish 49%; juvenile spot
32%; yearling spot 32%). Corrected esti-
mates of fish density may be achieved by
multiplying the reciprocals of these efficien-
cies by the trawl estimate of fish density
based upon raw trawl catches. For example,
an accurate estimate of juvenile pinfish den-
sity would be achieved by approximately
doubling the uncorrected trawl estimate of
density. Application of these catch efficien-
cies for the 6.1-m trawl for the purpose of
improving the accuracy of fish density esti-
mates must be restricted to shallow estua-
rine habitats for the species and size classes
studied and the physical and environmental
conditions under which-the study was con-
ducted.

No differences were observed between
the average catch efficiencies obtained from
recoveries made in both daylight and dark-
ness (Table 4). The differences in trawl es-
timates of fish density for native, unmarked
fish based on day and night samples taken
in the enclosure within 12 h of each other
were variable. The average ratio of night to
day estimates of density + one standard de-
viation (N = 7) were 1.95 + 1.38 for juve-
nile spot and 1.10 = 0.85 for juvenile pin-
fish. Insufficient densities of unmarked
adult spot and pinfish were present to allow
a similar analysis for this size class: to be
made. Although the variation surrounding
these two ratios was high, the mean ratios
indicate that for juvenile spot the night time
catch was twice as great as that from day-
light tows, while for juvenile pinfish they
were similar. Our day-night efficiency val-
ues (Table 4), however, indicate that the
day-night catches should be similar for all
species and size classes, with exception of
the conflicting data for juvenile spot. These
results suggest that the trawl’s catch effi-
ciency does not appear to be influenced by
light conditions. It is possible that the high
turbidity of the embayment waters, where
secchi readings seldom were greater than
1.0 m, limits the ability of fish to utilize vis-
ual senses to avoid capture by the trawl.

No relationship between the efficiency of
the trawl and the density of marked fish
present was apparent although our experi-
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mental conditions presented a wide range of
abundances for each species and size class
(Tables 1 and 2). Densities of unmarked,
natural populations within the enclosure
also varied considerably throughout the
study period. In general, based upon catch
data and assuming similar catch efficiencies
for natural and marked fishes, marked year-
ling pinfish and spot densities were similar
or greater than those estimated for un-
marked populations. Natural juvenile pop-
ulations, however, appeared either similar
or greater than the marked population den-
sities. The effect upon our estimates of
catch efficiency due to the additional num-
bers of unmarked fish within the enclosure
is unknown.

Results of our comparative trawl studies
suggested that the relative efficiency of the
gear increases as the width of the trawl in-
creases. This relation, however, does not
appear to be linear since the 4.6-m trawl
estimate of density (Table 5) was only slight-
ly smaller than that of the 6.1-m trawl, while
the 3.0-m trawl estimate was far less (one-
seventh). Although the towing speeds were
slower in the smaller trawls (1.1 versus 1.6
knots) all speeds were felt to be near the
optimum for the trawl design characteristics
to keep the mouth opening at the maximum
width and enable the trawl boards to remain
on the bottom. Increasing the towing speed
will usually lessen the ability of fish to avoid
a given trawl; however, tow speed must be
chosen in conjunction with the design of the
given gear to achieve the optimum perfor-
mance.

Studies of gear catich efficiency would be
improved by collecting fish for marking with
a type of gear other than that being tested,
or by eliminating the handling, capture,
and marking of fish altogether prior to
test sampling. This would assure that the
behavior of the fish in response to the fish-
ing gear would be typical of that in nature.
This approach would require that native fish
be restricted to an enclosed body of water
for sampling and that the entire sample pop-
ulation be quantified in some way, as sac-
rificing with poison, draining the sample site
(Buck and Thoits 1965), or use of a DeL.ury
regression technique (DeLury 1947; Kjelson
and Johnson 1975). An additional improve-
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ment would be the use of a larger study site
so that sufficient tows could be taken to im-
prove the precision of efficiency estimates
without causing behavior changes in the fish
that would yield a biased result.
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